METHOD OF FORMING THICK METAL SILICIDE LAYER ON GATE ELECTRODE 



This application claims the priority of Korean Patent Application No. 2003-01051, 
filed on January 8, 2003, in the Korean Intellectual Property Office, the contents of 
which are incorporated herein in their entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device, and more particularly, 
to a method of forming a thick metal silicide layer on a gate electrode by expanding a 
contact region between a metal layer and the gate electrode to reduce resistance of the 
gate electrode. 

2. Description of the Related Art 

In recent years, as cells are becoming smaller in size, semiconductor devices are 
more efficient in performance. However, as the design rule of semiconductor devices 
has been reduced to 0.1 /jm or less, the fabrication process becomes more complicated, 
For example, it is difficult to isolate devices in a cell, pattern a gate electrode to 0.1 //m 
or less, perform source/drain engineering, form a reliable contact structure, and pattern 
a first metal layer (metal-1 ). 

Fabrication of a semiconductor device comprises forming a transistor followed by 
forming a metal contact structure and a first metal layer (metal-1 ). Here, a circuit is 
structured such that the transistor is operated when power is supplied through the metal 
contact structure to an active region and a gate electrode that are formed on a substrate, 
However, the active region formed of silicon (Si) and the gate electrode formed of 
polysilicon (Poly-Si) have very high resistances, making it difficult to supply power to the 
transistor. To solve such a problem, a silicidation process is required to lower the 
resistances of silicon and polysilicon. 

The silicidation process includes forming a silicide layer on a source/drain region 
and a gate electrode of a transistor so as to facilitate the power supply to the transistor. 
An example of the silicidation process is disclosed in U.S. Patent No. 6,376,320 B1 
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entitled "Method for Forming Field Effect Transistor with Silicides of Different Thickness 
and of Different Materials for the Source/Drain and the Gate." By way of the silicidation 
process, a silicide layer is used to decrease the resistances of a source/drain region 
formed of silicon and a gate electrode formed of polysilicon. 

However, as the design rule of a semiconductor device is reduced to 0.1 //m or 
less, a typical silicidation process does not lead to reduction of resistance because it is 
difficult to form a metal silicide layer to a desired thickness. During the silicidation 
process, the silicide layer is selectively formed only in a contact region between a metal 
layer deposited for silicidation and silicon (or polysilicon). However, because the size 
of the contact region also decreases with reduction in the design rule, the silicide layer 
formed in the contact region cannot be used to decrease the resistance. 

More specifically, the silicidation process uses a silicide MSix generated by a 
reaction between silicon atoms and metal atoms. Considering such a silicidation 
process, sufficient silicon source must be supplied to obtain a sufficient silicide. 
However, as the design rule is reduced to 0.1 //m or less, it becomes very difficult to 
supply sufficient silicon source. 

For instance, the U.S. Patent No. 6,376,320 B1 proposes a method of forming a 
silicide layer on a gate electrode after the top surface of the gate electrode is exposed. 
In this case, as the design rule is reduced to 0.1 jjm or less, the width of the gate 
electrode is also reduced to 0.1 //m or less. Thus, since a metal layer for a silicide 
layer is formed only on the top surface of the gate electrode, a contact region between 
the metal layer and polysilicon is limited to the top surface of the gate electrode. As a 
result, as the width of the gate electrode is reduced to 0.1 /ym or less due to the design 
rule, the top surface of the gate electrode and the contact region are also greatly 
narrowed. 

A reduction in the contact area between the gate electrode and the metal layer 
limits the supply of a silicon source from the gate electrode, thereby making it difficult to 
form a sufficiently thick metal silicide layer on the gate electrode. To alleviate such a 
problem, the silicidation process may be performed at a higher temperature for a longer 
duration of time. However, this may adversely affect the reliability of a silicide layer 
formed on a source/drain region, as in the U.S. Patent No. 6,376,320 B1. 
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Further, the amount of silicon source supplied during the silicidation reaction 
greatly depends on the contact area between the metal layer and silicon. Thus, even if 
the silicidation process is performed at a higher temperature for a longer duration of 
time, it is difficult to grow a silicide layer to a sufficient thickness. 
5 Therefore, when the width of a gate electrode is reduced to 0.1 //m or less with 

reducing design rule, in order to lower the resistance of the gate electrode, a new 
method of forming a thick silicide layer on the gate electrode formed of polysilicon is 
required. To form a thick silicide layer on a gate electrode having a line width of 0.1 
/ym or less, first, a silicon source should be sufficiently supplied during a silicidation 
10 process. Also, to supply sufficient silicon source, a contact region between a metal 
layer formed for silicidation and a gate electrode must be greatly expanded. 

SUMMARY OF THE INVENTION 
The present invention provides a method of forming a silicide layer on a gate 
15 electrode, on which the resistance of the gate electrode is reduced. A contact region 
between a metal layer formed for a metal silicide and the gate electrode is expanded to 
supply sufficient silicon source during a silicidation process. Thus, a sufficiently thick 
silicide layer is formed on the gate electrode, thereby reducing the resistance of the 
gate electrode. 

20 In accordance with an aspect of the present invention, there is provided a 

method of forming a thick metal silicide layer on a gate electrode. The method 
comprises: (i) forming a gate electrode of a transistor on a semiconductor substrate, 
wherein a hard mask is formed on the gate electrode; (ii) forming a spacer on a sidewall 
of the gate electrode; (iii) forming a first silicide layer on a portion of the semiconductor 

25 substrate, adjacent to the spacer; (iv) forming an insulating layer on the first silicide 

layer to expose upper portions of the hard mask and the spacer; (v) selectively etching 
the exposed upper portions of the hard mask and the spacer using the insulating layer 
as an etch mask until the top surface and the sidewall of the gate electrode are 
exposed; (vi) forming a metal layer on the exposed top surface and sidewall of the gate 

30 electrode; and (vii) forming a second silicide layer on the gate electrode by siliciding the 
metal layer. 
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The insulating layer may be formed of a material having an etch selectivity with 
respect to the hard mask and the spacer. For example, the hard mask and/or the 
spacer may be formed of silicon nitrides while the insulating layer may be formed of a 
silicon oxide. 

5 Forming the insulating layer may comprise depositing the insulating layer on the 

first silicide layer, and planarizing the insulating layer so as to expose the top surface of 
the hard mask and the upper portion of the spacer. Here, planarizing the insulating 
layer comprises planarizing the insulating layer using the top surface of the hard mask 
as an etch stop point, and detecting the etch stop point and performing the planarization, 

10 slightly, more excessively to a predetermined degree. Also, planarizing the insulating 
layer can be performed using chemical mechanical polishing (CMP). 

The second silicide layer may be formed of a different material from the first 
silicide layer. For instance, the first silicide layer may be formed of a cobalt silicide 
layer while the second silicide layer may be formed of a nickel silicide layer. Also, 

15 considering the contact area between the sidewall of the gate electrode and the metal 
layer, the second silicide layer may be formed to be thicker than the first silicide layer. 

In accordance with another aspect of the present invention, there is provided a 
method of forming a thick metal silicide layer on a gate electrode, which comprises: (i) 
forming a gate electrode of a transistor on a semiconductor substrate, wherein a hard 

20 mask is formed on the gate electrode; (ii) forming a spacer on the sidewall of the gate 
electrode; (iii) forming a first silicide layer on a portion of the semiconductor substrate, 
adjacent to the spacer; (iv) forming an etch stop layer on the first silicide layer to be 
extended so as to cover the hard mask and the spacer; (v) forming an insulating layer 
on the etch stop layer to selectively expose a portion of the etch stop layer that overlaps 

25 upper portions of the hard mask and the spacer; (vi) selectively etching the exposed 
portion of the etch stop layer and the upper portions of the hard mask and the spacer 
disposed under the etch stop layer until the top surface and the sidewall of the gate 
electrode are exposed; (vii) forming a metal layer on the exposed top surface and 
sidewall of the gate electrode; and (viii) forming a second silicide layer on the gate 

30 electrode by siliciding the metal layer. 



SAM-0498 



The insulating layer may be formed of an insulating material having an etch 
selectivity with respect to the etch stop layer, the hard mask and the spacer. The etch 
stop layer, the hard mask, and the spacer may be formed of materials having an etch 
selectivity with respect to the silicon oxide, such as silicon nitrides. 

Forming the insulating layer may comprise depositing the insulating layer on the 
etch stop layer, and planarizing the insulating layer such that a shoulder portion of the 
etch stop layer is exposed. Here, planarizing the insulating layer may comprise 
planarizing the insulating layer using the top surface of the etch stop layer as an etch 
stop point, and detecting the etch stop point and performing the planarization, slightly, 
more excessively until the lateral shoulder portion of the etch stop layer is exposed. 

According to the present invention, when a metal silicide layer is formed on a 
gate electrode to reduce the resistance of the gate electrode, a contact region between 
a metal layer required for the metal silicide layer and the exposed surface of the gate 
electrode can be expanded. A silicon source can be sufficiently supplied during a 
silicidation process. As a result, a thick silicide layer can be formed on the gate 
electrode, thereby reducing the resistance of the gate electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, features and advantages of the invention 
will be apparent from the more particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of 
the invention. 

FIGS. 1 through 8 are schematic cross-sectional views illustrating a method of 
forming a thick metal silicide layer on a gate electrode according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
In the present invention, forming a transistor on a semiconductor substrate is 
followed by separately forming a first silicide layer on a source/drain region adjacent to 
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a gate electrode and forming a second silicide layer on the gate electrode. Forming 
the second silicide layer on the gate electrode comprises exposing the top surface and 
the sidewalls of the gate electrode, forming a metal layer, and performing a silicidation 
process. 

5 In the present invention, the contact area between the metal layer and the gate 

electrode can be increased by exposing the top surface and the adjacent sidewalls of 
the gate electrode. Thus, a silicon source can be sufficiently supplied from the gate 
electrode during the silicidation process. As a result, even if the line width of the gate 
electrode is sharply reduced to 0.1 jjm or less, the silicide layer can be formed to be 

10 thick enough to decrease the resistance of the gate electrode. 

Typically, in a silicidation process, the amount of generated silicide depends on 
the amount of polysilicon supplied from the gate electrode during the silicidation process. 
Also, the amount of silicon source supplied during the silicidation process depends on 
the contact area between the gate electrode formed of the polysilicon and the metal 

15 layer. 

In the present invention, before depositing a metal layer required for the 
silicidation process, the top surface and the adjacent sidewalls of the gate electrode are 
exposed. This allows a big increase in the contact area between the gate electrode 
and the metal layer. As the line width of the gate electrode is reduced to 0.1 /vm or 
20 less,, with the exposure of only the top surface of the gate electrode, it is impossible to 
generate a sufficient amount of silicide using the silicidation process. 

However, in the present invention, the sidewalls of the gate electrode are partially 
exposed to increase the contact area between the gate electrode and the metal layer. 
Thus, silicon atoms can be sufficiently supplied from the gate electrode to the metal 
25 layer during the silicidation process. As a result, a sufficient amount of silicide can be 
generated, and the silicide layer can be formed to be thick enough to reduce the 
resistance of the gate electrode. 

Hereinafter, the embodiment of the present invention will be described in more 
detail with reference to the appended drawings. 
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FIGS. 1 through 8 are schematic cross-sectional views illustrating a method of 
forming a silicide layer on a gate electrode according to an embodiment of the present 
invention. 

FIG. 1 is a cross-sectional view illustrating a step of forming a gate stack. 
5 Referring to FIG. 1, a device isolation region 150 is formed in a semiconductor 

substrate 100 to define an active region 110. The semiconductor substrate 100 is 
preferably a silicon substrate. Next, a gate oxide layer 210 is formed on the active 
region 110, and a conductive layer (e.g. a conductive polysilicon layer) is then deposited 
on the gate oxide layer 210. Thus, a gate electrode layer is formed. After this, a hard 

10 mask 230 is formed on the gate electrode layer. Afterwards, by using the hard mask 
230 as an etch mask, the gate electrode layer is patterned using photolithographic and 
etching processes. As a result, a gate electrode 200 is formed. 

The hard mask 230 is formed of a material having an etch selectivity with respect 
to polysilicon, for example, Si 3 N 4 . The thickness of the hard mask 230 may vary 

1 5 according to the height of the gate electrode 200. For example, when the height of the 
gate electrode 200 is about 1500 A to 2000 A, the hard mask 230 may be formed to a 
thickness of about 300 A to 500 A. Since the height of the gate electrode 200 can 
reach about 10000 A, the thickness of the hard mask 230 is preferably pre-determined 
depending on the height of the gate electrode 200. 

20 Meanwhile, as the design rule is reduced to 0.1 fjm or less, the gate electrode 

200 is also formed to have a line width of about 0.1 //m or less. 

FIG. 2 is a cross-sectional view illustrating a step of forming a spacer 250 on the 
sidewalls of the gate electrode 200. 

Referring to FIG. 2, a spacer 250 is formed on the sidewall of the gate electrode 

25 200 by a known method. The spacer is formed of a material having an etch selectivity 
with respect to an interlayer dielectric (ILD) formed of, for example, a silicon oxide, to be 
formed later. The spacer 250 may be formed as a multi-layer or a sandwich of two 
silicon nitride layers separated by mid temperature oxide (MTO). The spacer 250 may 
be formed to different thicknesses according to the type of a semiconductor device and 

30 the height of the gate electrode 200. Preferably, the spacer 250 is formed by etching a 
deposited layer having a thickness of about 300 A to 500 A. 
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After forming the spacer 250, a lightly doped drain (LDD)-type source/drain 
region (not shown) is formed in the active region 1 10 of the semiconductor substrate 
100 adjacent to the gate electrode 200, thereby completing a transistor. The 
source/drain region is formed using an ion implantation process. 
5 FIG. 3 is a cross-sectional view illustrating formation of a first silicide layer 310 on 

the active region 110. 

Referring to FIG. 3, after forming the gate spacer 250, a first metal layer is 
deposited on the active region 110 where the source/drain region is formed. 
Afterwards, a portion of the first metal layer, contacting the active region 110, is silicided 
10 using a silicidation process so as to form a first silicide layer 310. Then, a non-silicided 
portion of the first metal layer, which does not contact the active region 1 10, is 
selectively removed to complete the first silicide layer 310. 

The first silicide layer 310 can compensate for a relatively high resistance of the 
source/drain region formed in the active region 110, thereby reducing the entire 
15 resistance. This enables stable supply of power to the source/drain under the 
condition of a lower resistance. 

The first silicide layer 310 may be formed of various metal silicides Msi x , such as 
cobalt silicide CoSi x , nickel silicide NiSi x , and molybdenum silicide MoSi x . Considering 
an influence on a channel and the speed and reliability of a semiconductor device, the 
20 first silicide layer 310 is preferably formed of cobalt silicide. 

FIG. 4 is a cross-sectional view illustrating a step of forming an etch stop layer 

400. 

Referring to FIG. 4, the etch stop layer 400 is additionally formed to cover the 
first silicide layer 310. The etch stop layer 400 may be formed to protect the first 

25 silicide layer 310 from etching damage during a subsequent etching process. For 
example, a contact structure, required for forming a contact, is formed on the first 
silicide layer 310 during the formation of a first metal layer (metal-1). In a case where 
the first silicide layer 310 is exposed during an etching process for forming a contact 
hole, the first silicide layer 310 may be removed by way of a gas atmosphere used in 

30 the etching process. To prevent the removal of the first silicide layer 310, the etching 
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process for forming the contact hole is stopped at the etch stop layer 400 covering the 
first silicide layer 310. 

The etch stop layer 400 can be extended to cover the hard mask 230, which 
encapsulates the top surface of the gate electrode 200. The extended portion of the 
5 etch stop layer 400, which will be described in detail later, may be used as an etch stop 
point during a subsequent planarization process. 

The etch stop layer 400 is preferably formed of an insulating material having an 
etch selectivity with respect to an ILD formed of, for example, a silicon oxide to be 
formed later. For example, the etch stop layer 400 may be formed of silicon nitride. 
10 FIG. 5 is a cross-sectional view illustrating formation of an insulating layer 500 so 

as to expose an upper portion of the gate electrode 200 corresponding to a region 
where the hard mask 230 and the spacer 250 are positioned. 

Referring to FIG. 5, the insulating layer 500 is formed to cover the gate electrode 
200 and the first silicide layer 310. The insulating layer 500 is preferably formed of an 
15 insulating material having an etch selectivity with respect to the hard mask 230 and the 
gate spacer 250, which are formed on the gate electrode 250. Further, if the etch stop 
layer 400 is formed, the insulating layer 500 is also formed of an insulating material 
having an etch selectivity with respect to the etch stop layer 400. 

For example, when the hard mask 230, the gate spacer 250, and the etch stop 
20 layer 400 are formed of silicon nitrides, the insulating layer 500 may be formed of a 
silicon oxide, which has an etch selectivity with respect to the silicon nitride. The 
insulating layer 500 is preferably formed of a silicon oxide having a good gap fill 
characteristic so as to fill a gap between the gate electrode 200 and another gate 
electrode. 

25 After forming the insulating layer 500 on the hard mask 230 of the gate electrode 

200 (alternatively, on the etch stop layer 400 if the etch stop layer 400 is formed) to fill 
the gap between the gate electrodes 200, the insulating layer 500 is patterned to 
selectively expose the region where the hard mask 230 and the gate spacer 250 are 
positioned. 

30 The patterning of the insulating layer 500 may be performed by a conventional 

planarization process. That is, patterning the insulating layer 500 comprises depositing 
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the insulating layer 500 to cover the gate electrode 200, planarizing the insulating layer 
500 until the top surface of the gate electrode 200 is exposed. 

For example, as shown in FIG. 5, in a case where the etch stop layer 400 is 
formed, the insulating layer 500 is deposited on the etch stop layer 400 so as to fill the 
gap between the gate electrodes 200, and then the entire surface of the insulating layer 
500 is planarized. Here, the planarization process preferably uses chemical 
mechanical polishing (CMP). The CMP process is performed using the top surface of 
the etch stop layer 400 as an etch stop point (or a polishing stop point). 

Preferably, the CMP process is performed until the surface of the planarized 
insulating layer 500 becomes lower than the top surface of the etch stop layer 400. To 
do so, an over CMP process may be performed. That is, after detecting the etch stop 
layer 400 as the etch stop point, the CMP process is performed more for a 
predetermined time. If necessary, the top surface of the insulating layer 500 may be 
positioned to be lower than the hard mask 230 of the gate electrode 200. In doing so, 
as the etch stop layer 400 is formed to cover the gate electrode 200, a shoulder portion 
401 of the etch stop layer 400 can be exposed from at least the insulating layer 500. 

If the shoulder portion 401 of the etch stop layer 400 is exposed, a portion of the 
top surface of the spacer 250 covering the sidewall of the gate electrode 200 can be 
easily removed during a subsequent process. In the present invention, the sidewall of 
the gate electrode 200 is partially exposed by selectively removing an upper portion 
from a shoulder portion 251 of the gate spacer 250. Here, the insulating layer 500 is 
preferably planarized so as to expose a region where the gate spacer 250 is positioned. 

Meanwhile, as described above, the etch stop layer 400 is formed to protect the 
first silicide layer 310 from etching damage during the subsequent process of forming a 
contact hole. In addition, the etch stop layer 400 enables a region exposed by the 
insulating layer 500 to be expanded to the gate spacer 250. As shown in FIG. 5, when 
the insulating layer 500 exposes the shoulder portion 401 of the etch stop layer 400, 
since the shoulder portion 401 of the etch stop layer 400 overlaps the gate spacer 250, 
the insulating layer 500 also exposes the gate spacer 250. 

Because there is a slight step difference between the top surface of the gate 
electrode 200 and the shoulder portion 401 of the etch stop layer 400, it is possible to 
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expose the shoulder portion 401 of the etch stop layer 400 without performing an over 
CMP. Accordingly, the over-polished amount can be reduced, thus shortening a 
process time required for the CMP process. 

Meanwhile, in a case where the etch stop layer 400 is not used optically, the 
insulating layer 500 is deposited directly on the gate spacer 250 and the hard mask 230. 
Thus, the insulating layer 500 is planarized to expose the shoulder portion 251 of the 
gate spacer 250 and the top surface of the hard mask 230. Preferably, the shoulder 
portion 251 of the gate spacer 250 is exposed such that the sidewall of the gate spacer 
250 is exposed. 

The planarization process comprises performing a CMP process by using the top 
surface of the hard mask 230 and the shoulder portion 251 of the gate spacer 250 as a 
polishing stop point. Here, to tightly expose the shoulder portion 251 of the gate 
spacer 250, an over CMP process is performed more for a predetermined time after 
detecting the polishing stop point. 

In the present invention, the insulating layer 500 is planarized to expose the 
upper portion of the gate spacer 250, or to expose the gate spacer 250 as shown in FIG. 
5. Thus, the upper portion of the gate spacer 250 can be selectively removed in a 
subsequent process to expose the sidewall of the gate electrode 200. 

FIG. 6 is a cross-sectional view illustrating a step of selectively removing the 
upper portions of the hard mask 230 and the spacer 250. 

Referring to FIG. 6, by using the patterned insulating layer 500 as an etch mask, 
the exposed etch stop layer 400 and the upper portions of the hard mask 230 and the 
gate spacer 250 are selectively removed. Here, the hard mask 230 is selectively and 
completely etched so as to expose the top surface 201 of the gate electrode 200. Also, 
the upper portion of the gate spacer 250 is selectively etched such that the upper 
sidewall 205 of the gate electrode 200 is partially exposed. 

The etch stop layer 400, the hard mask 230, and the gate spacer 250, which are 
formed of silicon nitrides, are etched using an etching method having an etch selectivity 
with respect.to the insulating layer 500 formed of a silicon oxide, used as the etch mask. 
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For example, the selective etching may be performed using a phosphoric acid 
wet etch process. Alternatively, a dry etching process may be performed using an etch 
gas including a gas of the carbon-fluorine (CF X ) group and an oxygen gas. 

The selective etching allows not only the top surface 201 of the gate electrode 
5 200 but also the upper sidewall 205 of the gate electrode 200 to be exposed. If 

necessary, the exposed area of the upper sidewall 205 of the gate electrode 200 can be 
increased up to, for example, 1/2 the height of the gate electrode. That is, the height of 
the gate spacer 250 can be decreased to about 50 A to 10000 A. However, the gate 
spacer 250 preferably remains to cover part of the height of the lower sidewall of the 
10 gate electrode 200. As a result, the remaining gate electrode 200 can prevent 

penetration of metal atoms from a second silicide layer into the substrate 100 during a 
subsequent process. 

Because the exposed area of the upper sidewall 205 of the gate electrode 200 
determines the thickness of the second silicide layer to be formed later, if it is expected 
15 that the second silicide layer is formed to a thick thickness, the exposed area of the 
upper sidewall 205 of the gate electrode 250 should be increased. That is, the 
selective etching should be performed for a longer amount of time in order to increase 
the etched amount of the gate spacer 250. 

As shown in FIG. 6, by way of the selective etching, a groove 501 is formed to 
20 expose the upper sidewall 205 of the gate electrode 200. 

FIG. 7 is a cross-sectional view illustrating a step of forming a second metal layer 
351 on the exposed surface of the gate electrode 200. 

Referring to FIG. 7, the second metal layer 351 is formed on the insulating layer 
500 so as to contact the top surface 201 and the upper sidewall of the gate electrode. 
25 During a subsequent second silicidation process, a reaction between the second metal 
layer 351 and silicon atoms of the gate electrode 200 occurs, generating metal silicide 
on the gate electrode 200. Thus, the second metal layer 351 may be formed of, for 
example, cobalt, nickel, or molybdenum. Preferably, to reduce the resistance of the 
gate electrode 200, the second metal layer 351 is formed of nickel. 
30 FIG. 8 is a cross-sectional view illustrating a step of forming a second silicide 

layer 350. 
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Referring to FIG. 8, a portion of the second metal layer (351 of FIG. 7), which 
contacts the gate electrode 200, is silicided using the second silicidation process. Next, 
the non-silicided portion of the second metal layer 351 is selectively removed or 
stripped. Thus, the second silicide layer 350 is formed on the gate electrode 200. 
5 The second silicide layer 350 may be formed of various metal silicides MSix, such as as 
cobalt silicide CoSi x , nickel silicide NiSi x , and molybdenum silicide MoSi x . Preferably, 
to reduce the resistance of the gate electrode 200, the second silicide layer 350 is 
formed of a nickel silicide. 

Meanwhile, in the present invention, the contact area between the second metal 

10 layer (351 of FIG. 7) and the gate electrode 200 can be increased during the second 
silicidation process. That is, the second metal layer 351 contacts not only the top 
surface (201 of FIG. 7) of the gate electrode 200 but also the upper sidewall (205 of FIG. 
7) of the gate electrode 200. Since the contact area between the gate electrode 200 
and the second metal layer 351 can be greatly expanded, silicon atoms can be 

15 sufficiently supplied to the second metal layer 351 during the second silicidation process. 
Thus, the second silicide layer 350 can be formed to a required thickness. 

As the design rule of a semiconductor device is reduced to 0.1 jjm or less, the 
line width of the gate electrode is also reduced to 0.1 /ym or less. Accordingly, if the 
contact area between the gate electrode 200 and the second metal layer 351 is not 

20 expanded, i.e., if the second metal layer contacts only the top surface of the gate 
electrode as in the conventional method, the silicon atoms cannot be sufficiently 
supplied to the second metal layer during the second silicidation process. 

The silicidation reaction requires supply of the sufficient silicon atoms for 
generating a sufficient silicide layer. However, in the conventional method, even if the 

25 line width of the gate electrode is reduced to 0.1 /ym or less, because the second metal 
layer contacts only the top surface of the gate electrode, the silicon atoms cannot be 
sufficiently supplied. As a result, the second silicide layer is formed to a very thin 
thickness so as not to reduce the resistance of the gate electrode. 

On the other hand, in the present invention, as shown in FIG. 7, the second 

30 metal layer 351 can contact not only the top surface 201 of the gate electrode 200 but 
also the upper sidewall 205 of the gate electrode 200. Thus, as the contact area is 
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greatly expanded, a silicon source is sufficiently supplied to the second metal layer 351 
during the second silicidation process. As a result, a sufficient amount of silicide is 
generated, thus forming the second silicide layer 350 to a thick thickness. 

Further, when the upper portion of the gate spacer 250 is selectively etched, the 
5 exposed area of the upper sidewall of the gate electrode 200 can be expanded by 

increasing the etched amount. Thus, the second silicide layer 350 can be formed to an 
even thicker thickness. In this case, the resistance of the gate electrode 200 can be 
reduced during power supply. Consequently, the speed and reliability of the 
semiconductor device can be highly improved. 

10 Although not shown in the drawing, after forming the second silicide layer 350, an 

ILD may be formed to cover and insulate the second silicide layer 350. Then, to 
construct a circuit, a contact hole can be formed, penetrating the ILD, so as to expose 
the first silicide layer 310. Here, the etch stop layer 310 can protect the first silicide 
layer 310 from damage caused by an etch gas during an etching process for forming 

15 the contact hole. 

While the present invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may be made therein. For 
example, in the embodiment of the present invention, the process of removing the hard 

20 mask and the process of recessing the upper portion of the gate spacer are performed 
using the same etching process. However, it is possible to remove the hard mask 
using a separate etching process. 

For example, as shown in FIG. 3, after forming the first silicide layer 310, the 
hard mask 230 may be removed. The selective etching of the hard mask can be 

25 performed using a phosphorus acid wet etch process. In this case, the planarization of 
the insulating layer (500 of FIG. 5) can be performed using the etch stop layer (400 of 
FIG. 4) as a polishing stop point. Thus, the exposed area of the upper sidewall 205 of 
the gate electrode 200 can be increased. 

As described thus far, according to the present invention, even though the design 

30 rule of a semiconductor device is reduced to 0.1 //m or less and the line width of a gate 
electrode is also reduced to 0.1 jjm or less, a metal silicide layer can be formed on the 
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gate electrode to a sufficient thick thickness. Also, because a metal layer, which is 
required for a silicidation process, contacts not only the top surface of the gate electrode 
but also the upper sidewall of the gate electrode, a silicon source can be sufficiently 
supplied to the metal layer during the silicidation reaction. Thus, even if the line width 
of the gate electrode is reduced, the silicide layer can be formed on the gate electrode 
to a thick thickness. As a result, the resistance of the gate electrode can be reduced to 
enable efficient power supply. 

Also, since a second silicide layer can be formed of a different material from a 
first silicide layer formed on a source/drain region, the resistance of the gate electrode 
can be stably controlled during power supply. 

Further, the first silicide layer can be protected from etching damages while the 
second silicide layer is formed. Thus, the resistance of the gate electrode can be 
stably controlled during power supply. 

While the present invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the present invention as defined by the following 
claims. 
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